Radiological and functional assessment of radiation-induced lung injury in the rat.
The purpose of this study is to develop an experimental model to measure localized radiation-induced lung injury using multiple end-points including breathing frequency, high-resolution computed tomography (CT), and radionuclide perfusion. The rats were anesthetized and the right lung irradiated with a single dose of 18 Gy using 200-kVp x-rays. The lung function of the animals was measured every 2 weeks after irradiation with the breathing rate assay. CT scanning and radionuclide lung perfusion assay were performed prior to and 2, 4, 10, 16, and 34 weeks after irradiation. Significant elevation in breathing rate occurred after 16 weeks, with a maximal increase between 22 and 28 weeks. An increase in the right lung density started 4 weeks after irradiation. Regional measurements indicated a relatively uniform increase in density at 4 and 10 weeks, while foci of high-density areas were observed at the later time points. Changes in rat lung volume indicated shrinkage of the irradiated right lung and accompanying compensatory hypertrophy of the shielded left lung. Radionuclide perfusion assay showed significant decrease in relative blood flow in the irradiated right lung 4 weeks after hemithoracic irradiation. Changes in breathing rate provide an index of overall lung function while changes in lung density, volume, and perfusion are of particular importance for evaluating loco-regional differences in lung sensitivity. This study is the first demonstration that CT can be used to measure volume changes after thoracic irradiation in rats.